Heterophils presented both annular and polymorphous nuclei, which appeared to develop along separate lines. The ring series began with a small nuclear 'vacuole' which increased in size with maturation of the cell. Ring-forms comprised 1/3 of the total heterophil population in the marrow. Eosinophils and basophils also demonstrated anr.ular nucleated forms. Mature heterophils tended to have a scarcity of stainable specific granulation. Eosinophil granules were larger than those of the heterophil, slightly refractile and did not react avidly with eosin. Basophil granules, conversely, reacted strongly with the methylene-blue component of Wright-Giemsa stain and were metachromatic. Normoblasts retained their cytoplasmic basophilia to a greater degree than comparable cells in man.
The Mongolian gerbil (Meriones unguiculatus) has become increasingly useful as an experimental animal in the past decade. While considerable effort has been devoted to the study of its cellular blood picture (Ruhren, 1965; Mays, 1969; Dillon & Glomski, 197 Sa) , only infrequent reference has been made to bone marrow (Handler, Magalini & Pav, 1966) . The morphology of the haemopoietic and nonhaemopoietic cells in this tissue has not been definitively characterized, nor has the normal myelogram been established. We have therefore studied the cytologic characteristics of gerbil haemopoietic bone marrow to establish the normal myelogram for both males and females, and to determine whether sex-associated numerical differences exist among marrow cells. The peripheral blood picture was also evaluated.
Materials and methods A total of 25 male and 27 female sexually mature, healthy Mongolian gerbils (Meriones unguiculatus) were housed in plastic cages in groups of 2-5 animals of one sex, and were offered a standard laboratory rodent diet and water ad libitum.
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Complete blood counts were performed on all animals. They were anaesthetized with sodium pentobarbital solution (60 mg/ml) administered intraperitoneatly at a dose rate of 0·01 ml/IO g bodyweight. Samples of blood were obtained from the retroorbital venous plexus, collected in heparinized capillary pipettes and diluted for electronic analysis to determine the red and white blood cell counts, haemoglobin level, packed-cell volume, and erythrocyte indices. A minimum of 2 dry film blood smears were also prepared from a collecting pipette and stained with Wright-Giemsa stain. Differential counts were performed on each of the blood smears, and at least 100 leukocytes counted per slide.
Bone marrow specimens were obtained from each gerbil after the peripheral blood samples were collected. The animals were killed by cervical dislocation, the right femur disarticulated and dissected free of adherent tissue, the shaft was cut open at each end, and a thin probe was used to gently expel the marrow into a small paraffin-lined polyethylene vial containing 1-2 drops of rat serum. The marrow was carefully dispersed using a smooth glass rod, so that a highly cellular suspension of femoral marrow was obtained from which air dried films were prepared. A minimum of 2 smears were made per animal, and stained (Wright-Giemsa).
Complete differential counts were performed on each of the 2 smears and a total of at least 1000 cells were counted (approximately 500 cells per slide).
The numerical data derived from peripheral blood were statistically analyzed for sex-related differences by Student's (-test. Bone-marrow data were similarly treated as well as combined to yield overall mean values and ranges for adult gerbils. In all cases, reported values of means, standard deviations, and ranges were calculated after excluding observations which differed by more than 3 standard deviations from the mean as determined by preliminary calculations.
Results
The combined bone marrow data are summarized in Table I . In general, the Wright-Giemsa staining of the bone marrow films yielded good results. Mature and immature blood-forming cells were identifiable, as were the 'supportive' or fixed connective tissue elements such as fat, vascular and mast cells. 
Blasts
Blast cells comprised a mean 0·5% of the marrow nucleated cell population (Fig. 1) . The term 'blast' was applied to the marrow cell with the most immature appearance and, on the basis of the recognition of morphological intermediates between it and the promyelocyte, it was considered to be the precursor of the granulocytic series (a myeloblast). It was generally moderate in size, 12-18.um in diameter, with a round or oval nucleus which was large in relation to the
Heterophils
The members of the heterophil series were the most numerous cells present in haemopoietic marrow, 42%
of the population in males and 35% in females (P < 0·002). The combined mean was 39%. The only other quantitative male-female difference involving this cell line was the number of heterophil myelocytes (males 12 and females 10%, P < 0·01). The round or irregularly shaped, red-violet, azurophilic, primary granules of the immature heterophils, as well as those of eosinophils, were readily recognizable. Conversely the secondary, specific granulation of the heterophils was difficult to stain. The more immature forms were most likely to demonstrate this granulation, whereas the older, more mature cells commonly appeared devoid of these round, uniformly shaped, violet-pink granules. Cells with annular, ring, or 'doughnut'-shaped nuclei were observed in all developmental stages. In its earliest stages, the heterophil promyelocyte closely resembled the blast cell ( Fig. 1) . It was generally larger (13-19,um ) with a few azurophilic granules in its basophilic cytoplasm. In more mature promyelocytes the azure granules were quite numerous.
Specific granulation was virtually impossible to recognize. The nucleus appeared quite delicate and immature, although there was thickening of the chromatin strands which became more condensed and prominent, especially adjacent to the nuclear membrane, as the cell matured. Nucleoli were present but became less prominent with maturation. The ring promyelocyte was identical to the non-ring form except for the presence of a usually centrally located 'hole' in the nucleus. At first the hole was often quite small, and its size increased as the cell matured (Fig. 1) .
The myelocyte was generally smaller than the promyelocyte (11-14 ,um) . Its round or oval nucleus was frequently eccentrically located. The nuclear chromatin was coarser and stained more darkly (reddish-purple).
Nucleoli were not encountered here or in more developed cells. With increasing maturity, the cytoplasmic colour altered from blue-pink to pink, and there was an increase in the number of smaller, specific granules which was associated with a decrease in the larger, azurophil granulation. The ring form was morphologically similar to the non-ring form except for the shape of the nucleus.
The distinguishing characteristic of the metamyelocyte, 10-13 ,um diameter, was its indented or kidneyshaped nucleus. The chromatin was coarse and increasingly clumped. The pinkish-staining cytoplasm contained faintly visible specific granules, while azurocommonly present. The cytoplasm ranged from light to very dark blue in colour and was devoid of azure granules in most cases.
The overall chromatin pattern was particularly fine and delicate with minimal aggregation into larger clumps; 2-4 nucleoli were A phil granules were rarely present. Cells were seen in which the ring nuclei appeared to be opening to assume the kidney-shaped conformation. The heterophil band or 'stab' form demonstrated even more condensation of the chromatin. Its violetstaining nucleus was a narrow band of relatively uniform width along its entire length. The cytoplasm stained essentially the same colour as the mature cell. This slightly immature form is the last stage prior to the nuclear twisting and constricting which results in a nucleus with the folded, tortuous or lobulated configuration characteristic of the adult polymorphonuclear heterophil. Cells were also noted in which the annular nuclei appeared to be breaking open to assume the band shape.
The adult heterophils were usually of similar size (9-12 ,urn), shape, and granularity. The lobulated nucleus contained coarse, clumped chromatin which stained a deep purple. The lobes were joined by thick or thin chromatin filaments which were not readily seen if the lobes were folded or twisted upon each other, a not infrequent occurrence. The cytoplasm stained a weak pink-white or appeared colourless, and contained fine specific granules which, as previously indicated, were frequently not visible. The ring form of the adult heterophil had a nucleus which was in either a relatively thin ring or figure 8 ('pretzel') formation (Fig. I) . It was more numerous than the segmented adult in marrow (approximately 7 as against 3%) but not in blood, where this form represented only a small proportion of the circulating heterophils. Although they are considered to be independent cell types, it was often difficult to distinguish between them morphologically.
Basophils followed a maturation sequence similar to that of other granulocytes, and were of comparable
Eosinophils
The eosinophil population totalled 2% of the marrow cells. They differed from heterophils in their larger, round, uniformly-shaped specific granules. These granules stained much less intensely in the gerbil than they usually do in other rodents. They were not overly refractile, although their slight refractility was helpful in verifying their identification. The eosinophil cell line (Table I and Fig. 2 ) exhibited a maturation sequence comparable to that of the heterophil. The adult eosinophil, however, rarely demonstrated the degree of :obulation seen in the adult heterophil, and often had only 2 lobes. Ring forms were also observed in all developmental stages of this series and, in general, were the predominant form. dimensions (Fig. 3) . The basophil promyelocyte was never identified. The nucleus, at any age, was often obscured by the metachromatic, dark blue-purple granulation.
The distribution of the granules was irregular, and they were generally not of uniform size (small to large) and shape (round to ovoid). The granules were presumed to be soluble in aqueous solution, since after Wright-Giemsa staining some of the cells appeared vacuolated or contained only a few granules. Ring forms were rarely observed. The mast cell was present in the bone marrow and is considered part of its stroma (Fig. 3) . It was somewhat larger than the basophil. The densely-packed cytoplasmic granules were metachromatic, very dark blue-purple structures, which were quite round and uniform in size. The small, round nucleus was often obscured, and the cell sometimes appeared as a large darkly-staining globular mass.
Normoblasts
The normoblast series was the 2nd largest population of cells observed in the bone marrow (Fig. 2) . The combined average of both sexes was 27%. The cells were categorized as basophilic, polychromatophilic, or orthochromic.
The pronormoblast had a diameter of 14-18,um and morphological characteristics very similar to the myeloblast.
It had a fairly large nucleus and a relatively narrow rim of blue cytoplasm. Nucleoli were evident and usually quite prominent. The light to moderately dark-staining cytoplasm contained no granulation.
The basophilic normoblast was generally smaller (9-15 ,urn) and usually no nucleoli were seen. The chromatin was fairly coarse, granular, and arranged in a prominent network with a distinct chromatin-parachromatin demarcation.
The distinguishing characteristic of this cell was its intensely basophilic cytoplasm.
The largest proportion (mean 22%) of this series was represented by the polychromatophilic form, a smaller cell (6-9,um) with a smaller nucleus. The clumps of chromatin were prominent, well-de mar ked (especially in younger cells), and separated from one another by varied amounts of acidophilic parachromatin. The sharp chromatin-parachromatin distinction aided in distinguishing this cell from the lymphocyte.
The polychromatophilic normoblast demonstrated a great variability in cytoplasmic staining, although the most frequently observed hue was a 'muddy' blue.
The orthochromic normoblast was the smallest and least prevalent member of the series (0· 1%). This designation was reserved for those cells whose cytoplasm was almost the brick-red colour of the mature erythrocyte. The nuclei usually appeared as darklystaining, round, homogeneous masses or, sometimes, in karyorrhexic configurations. Cells were noted which appeared to be in the process of extruding their nuclei, and bare nuclei, were also seen. Basophilic stippling was commonly observed in denucleated erythrocytes, but rarely in normoblasts.
Lymphocytes
Lymphocytes comprised about 8% of the bone marrow nucleated cells, and were morphologically Weeks & Glomski identical to those observed in the peripheral blood (Fig. 3) . A few young or immature lymphocytes were also observed. The chromatin was quite dense and was composed of large blocks having a smudged appearance. The cytoplasm was usually sky blue, but could range from pale to dark blue. It sometimes contained a few prominent azurophilic granules. um) constituted 2% of the cell population. In most instances they demonstrated the typical characteristics of an eccentric nucleus with a very blocked chromatin pattern, an unstained paranuclear Golgi zone, and abundant, basophilic cytoplasm (Fig. 3 ). An occasional binucleated cell was seen. Certain morphological variations observed under normal as well as nonspecific conditions in other mammals were also observed in the gerbil, including an eosinophilic cytoplasmic border which could involve most of the cytoplasm ('flame cells'), and spherical, acidophilic cytoplasmic structures (Russell fuchsin bodies). In some cases these bodies appeared as colourless globules.
Plasma cells

Monocytes
These cells comprised only 0·05% of the mean cell population.
Mature cells were recognizable, but immature cells were not. The former possessed the same morphological characteristics as those seen in the peripheral blood, where they were more easily recognized because of the absence of immature granulocytes and other similar cells. It had a large, frequently-indented nucleus that was sometimes folded upon itself. The chromatin pattern was delicate and less dense than that of the heterophil. The abundant cytoplasm was blue-grey in colour and contained a fine azure granulation that was variable in its degree of optical resolution.
Macrophages and reticular cells
The macrophages and reticular cells constituted 0·5% of the cells. The macrophage was a large (17-30 ,urn) irregularly-shaped cell, with foamy, vacuolated cytoplasm that was often full of ingested erythrocytes, leukocytes and coarse granular debris. The reticular cell was of the same order of magnitude, had similar morphology, but was not phagocytic. Some of the cells classified as 'damaged' were believed to be disrupted reticular cells. Erythroblast islets (of Bessis) were commonly observed (Fig. 3) . They consisted of 1 or more layers of normoblasts surrounding a central reticular cell or macrophage.
They varied in size, presumably reflecting the degree of disruption caused by the smear preparation and the initial size of the cellular aggregate.
M egakaryocytes
Mature and immature megakaryocytes were observed in all smears studied (Fig. 3) . The megakaryoblast was identifiable as a large uni-or binucleate cell with a delicate nuclear pattern and a small amount of agranular, very basophilic cytoplasm which tended to have small pseudopodal projections. The next stage, the promegakaryocyte was an even larger cell. It had either multiple, unjoined nuclei or a fused polyploid nuclear mass in a cytoplasm that was less blue but had a large number of azurophil granules dispersed throughout the cytoplasm. The mature megakaryocyte had a prominent, lobulated, giant nucleus with dense chromatin that stained bright blue-purple. The abundant, light-blue cytoplasm contained azure granules that were aggregated in clusters in anticipation of the future fragmentation and shedding of the cytoplasm as platelets. Presumably this organization of the granules is a reflection of the demarcation vesicles demonstrable under electron microscopy. Bare nuclei were commonly seen.
Damaged cells
Damaged cells (degenerated, basket and smudge cells) constituted about 20% of the total number of cells counted. A slightly lower, though significant, figure was obtained for males than for females (18 as opposed to 22%, P < 0·005). Cells were observed in varying stages of breakdown. Some were totally unrecognizable (e.g. bare nuclei) and others were partially damaged but could not be reliably classified.
Unidentified cells
O· 7% cells could not readily be morphologically identified. A fair number appeared to be young cells with darkly-staining, agranular cytoplasm. The round nucleus frequently occupied almost the entire cell, and nucleoli were sometimes evident. The chromatin was coarser and more clumped than that seen in the 'blast cell'.
Miscellaneous cells
Fat cells and vascular endothelium were regularly seen, and osteoblasts and osteoclasts, though rarely present, were identifiable (Fig. 3) . Approximately 8 mitotic figures were observed per 1000 marrow cells examined. The mean myeloid-erythroid (M: E) ratio (ratio of the number of mature heterophils and precursors to the number of normoblasts) was 1·6: I. The mean and range for males and females respectively were 1·9:1 (0·8:1 to 3·6:1) and 1·4:1 (0·6:1 to 3·0: 1). The difference was statistically significant (P < 0·03).
Discussion
In the present study complete bone marrow differential counts were performed to identify and characterize the cells of haemopoietic marrow in the gerbil. They were found to be generally comparable to that of other laboratory rodents, a view also held by Handler el at. (1966) .
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The leukocyte levels of peripheral blood have been said to manifest sexual dimorphism (Mays, 1969; Dillon & Glomski, 1975a) . In the present investigation the heterophil cell line alone demonstrated this phenomenon, with a greater number of heterophil myelocytes in the male (P < 0·01), and perhaps more adult forms (12 compared with 10%), although they did not reach significant levels. The high M :E ratio in the male is also a reflection of the heterophil predominance. The leukocytes of the circulating blood, however, did not manifest any sex differences, an observation in agreement with an analysis of the blood picture in this species during the 1st year of life (Termer & Glomski, 1978 ). An unexpected difference between the sexes was found in the damaged cell population (females 21·6%, males 18·4%; P < 0·005): the significance of this was not apparent. The quantitation of damaged cells was specifically included in this study to determine the usual cytological features when dry film smears are prepared in this species. Although the numbers of such cells are not usually included in differential counts they have been cited by some workers, including Ramsell & Yoffey (1961) who for the rat commented that 'damaged cells must be included in a quantitative study of bone marrow' and 'unfortunately they constitute quite a large group'.
A well-recognized characteristic of the rat and mouse is the presence of ring heterophils in peripheral blood and bone marrow, and this is also true of the gerbil. Hulse (1964) felt that ring forms represented a normal maturation series that developed parallel with the non-ring forms and ended in a 'late' metamyelocyte. Beran & Tribukait (1971) stated that their observations for the mouse corresponded with Hulse's for the rat: they described a promyelocyte with a small nuclear vacuole which became progressively larger as the cell developed into the adult ring form. The gerbil heterophil also presented this duality, with both ring and non-ring forms initiating at the promyelocyte level. Although they appeared to develop independently, there did seem to be some overlap in the formation of metamyelocytes and band cells. Most authors do not separate ring forms from non-ring forms, but in this study it seemed desirable to determine the frequency of their occurrence. Of the 39% heterophils in the marrow, 13% were of the ring form. The ring promyelocytes were the least numerous of all members of this granulocytic series (0·4%), the myelocytes at 5·6% equalled their non-ring counterparts, while the adult cells were the most numerous, surpassing the non-ring forms (7·0 against 3·0%). It is noteworthy that in peripheral blood the number of mature rings was markedly lower than that of nonrings, a possible indication of an opening of the ring with continued existence. Eosinophils in the gerbil follow the same maturational sequence as heterophils, including the development of ring forms. This has also been observed in the rat and mouse (Stasney & Higgins, 1935; Hamre, 1947; Hulse, 1964) . Few authors, if any, experience difficulty in recognizing eosinophils in these rodents. However, these granules in the gerbil, though fairly large in size, do not react avidly with the eosin and therefore introduce some degree of difficulty in their identification. Basophils are quite rare in the marrow of gerbils, as in other laboratory rodents. Mast cells were similarly present.
The normoblasts totalled 27% of the marrow population, a value similar to that of the rat, mouse and guinea-pig. The cytoplasm of this cell line retained its basophilia longer than it does in man. This is also characteristic of the erythroid precursors of the rat (Hulse, 1964) and mouse (Berand & Tribukait, 1971) . This extended basophilia, in association with the normal occurrence of polychromasia and basophilic stippling of circulating erythrocytes, as well as the documented short erythrocyte lifespan in the gerbil, may be considered an indication of a high turnover rate of these cells in haemopoietic marrow (Smith, Termer & Glomski, 1976; Dillon & Glomski, 1975b) . The categorization of the developing cells into pronormoblasts, basophilic normoblasts and so forth proved satisfactory in the present study, even though it was based primarily on nuclear morphology. It is likely, however, that the classification of early, intermediate and late normoblasts as utilized by Hulse (1964) and
Weeks & Glomski by Beran & Tribukait (1971) is probably an easier and more realistic approach for erythroid cell identification.
The observed frequency of the lymphocyte in gerbil marrow was relatively low (8%), although a wide range was observed between animals ( Table 1) . The small lymphocyte was the most frequently encountered, as in other rodents. The plasma cell was fairly commonly observed in the marrow smears, although its ease of recognition may help to give it a high profile.
The nonhaemic cells in gerbil bone marrow include fat cells, osteoblasts, osteoclasts and vascular endothelium. The importance of their identification is the need to preclude their erroneous classification as blood-forming cells, and in their usefulness as architecturallandmarks as wen as indicators of the state of marrow activity.
